We reported a photon detection at the arrival time of the gravitational wave on December 26 
Introduction
The LIGO-Virgo team observed a signal of the Gravitational Wave (GW). From the observed waveform, they determined the merging time of the two black holes at 03:38:53.6 UT on December 26 th , 2015 (1) . In association with this event, by chance, one of the detectors of the Space Environment Data Acquisition System (SEDA) on board the International Space Station (ISS) recorded a photon. In this paper we discuss whether the photon was coming from the diffuse gamma-ray source near the Galactic Bulge (GB) or in accordance with the merging process of two black holes.
Detector SEDA-FIB
The system called SEDA-FIB has been prepared for the measurement of the space radiation environment around the ISS. The SEDA-FIB is composed of the scintillation fibers. The detector was designed to measure the energy and the direction of neutral particles. The scintillation fiber is quite wide at 6mm (wide)×3mm (thick)×98mm (long), so it may be adequately referred to as the scintillation tube. One layer is made of 16 tubes forming a plane and those 16 planes are alternatively stacked, keeping right angle to each other to form the detector.
The detector is prepared for the observation of high-energy solar neutrons induced by solar flares as shown in Figure 1 . However the SEDA-FIB also has another function that is able to detect photons. The energy of photons can be measured by converting an incident photon into an electron-positron pair and the direction of the incident photon can be determined by using the information of the tracks of electron and positron.
Electrons with energy of 3-30 MeV can be detected by the SEDA-FIB. The energy of photons converted into an electron-positron pair is measured by the 256 channel ADC converter.
The absolute value of the energy was calibrated by the proton beam at Riken (2). The energy resolution is obtained as ~18% for protons with an energy of 35 MeV when we use the dynode out-put signal (2). When we apply the range method, it is improved to 10%. In the present case the energy of the photon was measured by the dynode signal. We also made a test run by Therefore we try to estimate general background that may enter into an 8-degree opening cone.
The ratio between the 8-degree open cone to a half sky region (2π steradian) is given by (8/57) 2 /2 ≈ 0.00975. So we multiply this factor and reduce the above background (~0.47).
Then we get a value of 0.47×0.00973=0.00457 (or 2.85σ). If the detected photon was really produced with the gravitational wave, the above probability may have an important scientific meaning.
In Figure 3a , we present the event display of the Y-Z plane. photons/sec/cm 2 . From the 20-degree northern region of the GC, the flux is expected to be one order less as to be ~2×10 -4 photons/sec/cm 2 .
Since the surface area of our sensor is 100 cm 2 , ~ 0.2 diffuse gamma-rays are expected per detector per second from the GC and ~ 0.02 photons at 20-degree north from the galactic disk near the GC. Let us assume that the SEDA observed Galactic Bulge (GB) for 30 minutes.
From now we will discuss the flux of diffuse gamma-rays based on the value of 0.02. Then within 30 minutes, we shall receive ~36 photons originating from the diffuse gamma-ray sources in the GB. However we must take account of the conversion probability of those photons inside the detector; it is estimated as ~ 0.011 (=1-exp (-6mm/56cm)). Here the 56cm
arises from the photon conversion length in the plastic scintillator (44cm×9/7) and 6 mm corresponds to the length where the incoming photons are converted into an electron-positron pair at the first layer. Then we actually observe ~0.40 photons per 30 minutes. The probability that the diffuse gamma-rays arrive within 17-second during the 30-minute observation time making a coincidence with arrival of the gravitational wave, may be small and it is estimated as to be 0.40×17sec/1800sec = 0.0038. This probability corresponds to ~2.9 σ.
Those probabilities are listed up on Table I . If GW was produced at far beyond the Galactic Bulge, those statistical significance will have a scientific meaning.
Discussions Was this photon produced as a result of the merging process of the two black holes? Does the merging process associate with an intensive photon emission? In order to get the answer to these questions, we need another astronomical information near the merging region of the two black holes. After an observation, if no material will be left in the region except the gigantic black hole, no particle acceleration might happen. In fact, in this case we may not see any optical counterpart.
However in the opposite situation, if there was a magnetic field flowing into the black holes together with plasma, particle acceleration might happen. The arrival time of the high energy gamma-rays is not necessarily required as the same time of the merging time of the two black holes. By mutual interaction between the magnetic fields, if very strong electric field was instantaneously induced by E= -∂B/∂t, warm particles around the two black holes were accelerated into high energy, even beyond 10 21 eV. Kotera and Silk have discussed such a possibility that the merging process of giant black holes may be the origin of the highest energy cosmic-rays (10).
Those accelerated high-energy protons collided with the dense gas surrounding the merging region around ~100 pc and might produce strong gamma-ray beam. Those gamma-rays were scattered away in the universe and collided with the materials either in the other galaxy or with the dense gas inside the GB of our Galaxy. By such a relay transmission of gamma-rays, the 35 MeV photon might arrive near the Earth.
Finally we should mention about a report from the GRB monitor on board the ISS. The CALET-GRB detector was looking at the zenith region at the same time with us and no positive signal was observed (11) .
On the other hand, we observed not only the zenith but also the horizontal region, since we have been observing at the port #11 from September 30 th , 2015.
We present both results on Since we did not observe the sky by using the SEDA-FIB detector between May 20th and September 30 th for the movement of the SEDA detector from Port #9 to Port #11, we missed to see the first event of GW150914. However, the LIGO-Virgo team starts the observation again of the gravitational wave, so if the photon arrival was real in association with GW, once again in the next event we shall see it.
In summary, we detected a photon near the arrival time of the gravitational wave. There are three possibilities on this event: (1) a background photon induced by cosmic rays, (2) a photon coming from the Galactic Bulge, and (3) a photon in relation with the gravitational wave. To confirm whether this photon originated from the cosmic ray induced or not, we must investigate more details about the frame of the ISS. After the investigation, if the photon is surely coming from the space, from the direction of Corona Australis, there is a possibility that this photon is produced in association with the merging process of the two black holes. Coincidence with diffuse gamma-rays from GB 0.0038 2.9 Center is shown by the white cross circle.
